The influence of hypoxia on the in vitro activities of amphotericin B, azoles, and echinocandins against Aspergillus spp. was evaluated by comparing MICs, minimal fungicidal concentrations (MFCs), and epidemiological cutoffs (ECOFFs). Changes of MIC distributions due to hypoxia largely depend on the method, the species, and the growth ability under hypoxia. The activities of antifungals were not significantly altered under hypoxia, except for Aspergillus terreus, for which the activity changed from fungicidal to fungistatic.
was observed for amphotericin B, while no alterations in MICs for azoles and echinocandins were detected. A. fumigatus strains carrying a mutation in the cyp51A gene did not show differences in azole susceptibility. Aspergillus terreus isolates, a species that is intrinsically resistant to amphotericin B (11, 12) , exhibited susceptibility under hypoxia, with a significant decrease in the MIC distribution (12 log 2 dilutions). Lower MICs were mainly due to the missing mycelium sterilium zone (Fig. 1) . For the azoles, a significant reduction in the MIC distribution was observed under hypoxia while, as for A. fumigatus, no alteration was detected for echinocandins. The same results were found for A. flavus. Reductions in MICs under hypoxia were abrogated by addition of ergosterol, cholesterol, or whole blood to the medium (Fig. 2) . MIC changes under hypoxia correlated with impaired growth under hypoxia; the in vitro susceptibilities of fungi that were less sensitive to low oxygen concentrations were less affected (Fig. 3) .
In broth microdilution assays, MICs of voriconazole and posaconazole were not altered under hypoxia for all Aspergillus spp. tested (Table 2 ). For only amphotericin B was a stepwise decrease in MICs (Յ2 log 2 dilutions) under hypoxia prominent for A. terreus and A. flavus strains, while no difference was detected for A. fumigatus strains. Minimal effective concentrations (MECs) for caspofungin were not significantly influenced by hypoxia.
MFCs demonstrated no alterations between hypoxic and normoxic conditions for A. fumigatus and A. flavus strains (Table 2) , and this correlated with already published data (7). For A. terreus strains, either increased or no MFCs were detected for azoles under hypoxia. Similarly, significantly more colonies were able to recover from cultures treated with amphotericin B under hypoxia, although no MFCs could be determined under either oxygen condition.
So far, only a few studies have investigated the effect of hypoxia on antifungal susceptibility of Aspergillus spp., focusing either on some antifungal agents (13) or on one standard in vitro test method (7) . Similar to what was shown for anidulafungin (13) , MIC/MEC readings were much easier to obtain under hypoxia, as typical "trailing" (microcolonies within the inhibition zone [14] ) was less pronounced for echinocandins. The observed reductions in the MICs, being more pronounced with the agar-based method than in liquid assays, matched results obtained by Warn et al. (7) and might have been due to oxygen depletion in microtiter plates, even under normoxia. Increased susceptibility to antifungals that target ergosterol itself or its biosynthesis (oxygen-dependent pathway [3] ) indicated that the fungus has to cope with two stressors: antifungal pressure and maintenance of membrane stability, despite lacking oxygen as a cofactor for ergosterol biosynthetic enzymes. Additionally, MICs under hypoxia rose to the levels of those under normoxia when membrane compounds were available. Xiong et al. (15) demonstrated that cholesterol is integrated into fungal membranes to compensate for ergosterol depletion during azole treatment. Further, cholesterol can be used as a putative carbon source in filamentous fungi (16) and thereby enhance growth.
Except for A. terreus, MFCs were less influenced by oxygen than were MICs of surface cultures. This may even better reflect the actual situation in the host, as Rex et al. (17) already suggested that MFCs are more relevant for predicting the clinical outcome. For A. terreus, no MFCs were detectable, suggesting a shift to fungistatic activity under low-oxygen conditions. Slesonia et al. (18) showed that A. terreus is able to persist and survive without germination within acidified phagolysosomes due to the resistance against microbicidal enzymes. Also, conidia are more resistant to environmental conditions than are hyphae (19) . Therefore, delayed germination, especially after diluting the antifungal agent by plating on agar, could contribute to enhanced resistance against antifungal drugs under hypoxia.
In conclusion, hypoxia influenced in vitro antifungal susceptibilities of Aspergillus spp. marginally, and observed differences were most pronounced with the Etest. Importantly, changes in antifungal activities against A. terreus strains under hypoxia might partially explain the high failure rate of antifungal therapy in vivo (12, 20) . 
